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linear-quadratic optimal controller was designed to reduce to enabl the ueof osed-loopuaeronam iclw cnt cavity flow resonance and tested in the experiments. Realto control the flow o n e vehicles and time implementation shows a significant reduction of the sound ultimately to control the motion of the vehicles themselves.
pressure level within the cavity, with a remarkable attenuation The initial application chosen as a benchmark problem for of the resonant tone and a redistribution of the energy into study is closed-loop control of the acoustic resonance of a various modes with lower energy levels. A mathematical flow over a shallow cavity [14] , [15] , [18] . The objective of analysis of the performance of the LQ control, in agreement the current work is to provide a comprehensive overview of with the experimental results, is presented and discussed.
the ctivit of to grou nde a feedback o ntrol the activity of the group on modeling and feedback control I. INTRODUCTION design, including a presentation of the specific experimental setup and a mathematical discussion of the results obtained The generation of tones by flow past an open cavity ineprm tadsmuto. is a well known phenomenon which affects landing gear The paper is organized as follows: the experimental and weapons bays on aircraft. This flow is characterized apparau is described in S onlIIs Se expediscusse by a complex feedback process that leads to self-sustained reduced-oderimodeintechn of caity flo dics.
oscillations referred to as Rossiter [13] computer is used to simultaneously acquire the pressure explicit expression of the control effect in the equations to signals at 50 kHz through 16-bit channels and manipulates facilitate the design of the feedback control law. Meanwhile them to produce the desired control signal from a 14-stochastic estimation is used to estimate the states based on bit output channel. Each recording is band-pass filtered real time surface pressure measurements. between 800 and 10,000 Hz to remove spurious frequency components. The "snapshots" of the flow field, required for A. POD Method The POD method was introduced to the fluid dynamics community by Lumley [12] of the PIV system, procedure, and results are presented in [ 1] . The main flow is seeded with Di-Ethyl-Hexyl-Sebacat B Galerkin Projection (DEHS) particles by using a 4-jet atomizer upstream of the stagnation chamber. A dual-head Spectra Physics PIV-400
The Galerkin projection method was used to acquire a Nd:YAG laser operating at the 2nd harmonic (532 nm) is low dimensional model of the cavity flow in the form of used in conjunction with spherical and cylindrical lenses to a set of ODE's for the time coefficients a(t). The method form a thin ( 1mm), vertical sheet spanning the streamwise relies on the projection of the governing equations of the direction of the cavity at the middle of test section width. flow, the compressible Navier-Stokes in this case, onto the Two CCD cameras (2K by 2K) with maximum acquisition POD spatial basis derived by POD decomposition. Refer frequency of 15 Hz capture the images when the laser is to [3] control input is introduced into the flow field from the rest Reduced-order models of the flow were derived from PIV of the field, as detailed in Efe and Ozbay [8] , [9] , which snapshots and surface pressure measurements of the cavity yields a system in the following form: flow as described in detail by the authors in previous works [3] , [4] , [15] . The approach is based on the combination of (aTH1a8 three independent tools. First, the POD method is used to a=F + Ga + | B+| |), (2) acquire a spatial basis of the velocity field. Then, Galerkin VaTHNa Vprojection method is applied to obtain the flow model in the form of a set of ordinary differential equations for the where the matrices of constant coefficients F, G, Hi, B and POD temporal coefficients (states of the system model). In if, i =1, ,N, are obtained from the Galerkin projection, the process of projection, the domain of control input was and 17(t) is the control input applied at the forcing location, separated from the rest of the flow field which results in a detailed in Yuan et al. [19] . In this section, we present the design of the model-based model (5) was designed in the form controller, discuss the real-time implementation results, and interpret the results from a mathematical perspective. a-a as the new set of coordinates, where feedback loop. The largest feasible scaling factor has been a0 is the equilibrium point computed for the model (2), found for all three flow models respectively as:
and shifting the origin of the coordinates to the equilibrium point corresponding to the mean flow gives a simplified aE1 =0.265, ag2 =0.35, ag3 =0.5, (7) state space model in the new set of coordinates as and the actual control law was scaled by ag as:
The scaled LQ controls (8) have also been simulated on aTH4a
B4a~~~~~corresponding nonlinear models (2) as depicted in Fig. 3 . It is evident that, though the scaled LQ control for the Recall that G in (4) has 2 unstable complex conjugate given values of ag is not able to asymptotically stabilize the eigenvalues and 2 stable real eigenvalues._Let T C 2~4x4
origin of the nonlinear model (2) , it nevertheless provides be a nonsingular transformation that puts G in modal form a significant reduction of the amplitude of the stable limit cycle in all three cases. This result is in agreement with TGT-1 L (1 0 % a mathematical analysis carried on the nonlinear finite-L2 dimensional Galerkin model (4) tem reveals that the original Galerkin system has a locally exponentially stable equilibrium at the origin for ,u < 0, and Chris Camphouse, John Casey and Kihwan Kim and Cosku undergoes a Hopf-Poincare-Andropov bifurcation at ,u = 0, Kasnakoglu for fruitful and insightful discussions. with a stable limit cycle for ,u > 0. The amplitude and frequency of the limit cycle are given respectively by
